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DEVELOPING  FLASH-FLOOD  GUIDANCE  IN  
EGYPT’S  SINAI  PENINSULA  WITH  THE  WEATHER  

RESEARCH  FORECAST  (WRF)  MODEL

By  GAMAL  EL  AFANDI 

Al Azhar University Faculty of Science Department of Meteorology Nasr city Cairo Egypt 

gamalafandy@yahoo.com
 

Abstract: A flash flood that occurred over the Sinai Peninsula, specifically the Wadi Watier area, during 
the time period of the 24-25 of October, 2008 has been analyzed using a state of the art regional model. 
The model results presented here are derived from the Advanced Weather Research and forecast 
(WRF-ARW) model. The WRF model is a reliable short term forecasting tool for precipitation events 
over the Sinai based on comparison of the rainfall measurements recorded at Sorah and Wadi Watier 
for October 24th 2008 and the output from the WRF model for the same day. The model predicted 
total rainfall was 10.8 mm while the measured one was 12 mm which show significant consistency 
between WRF and measurements. The prediction of small or meso-scale hazards such as tornadoes, 
severe thunderstorms, squall lines and flash floods requires the early detection of signatures, a near-
instantaneous assessment of the threat and a rapid dissemination of warnings to the population and 
appropriate authorities. The WRF model enables the simulations of flash floods and can be used in 
pre-warning systems. Useful forecasts of the behavior of the larger scale weather systems such as 
tropical storms and cyclones, intense depressions and large floods can be prepared several days in 
advance using the WRF model. This approach can be extended to other types of extreme weather such 
as severe thunderstorms, record heat and cold, and winter storms over Egypt.

Keywords: WRF, rainfall, Egypt, Sinai Peninsula, flash floods.

INTRODUCTION
Flash floods occur because of high intensity storms, steep slopes in catchment 

basins, poor or sparse vegetation cover that result in high velocity flows, since the catchment 
has no capacity to resist and delay flows. In arid areas such as the Sinai in Egypt, rainfall is 
mainly caused by squall line and convective cloud mechanisms and by low intensity frontal 
rain, causing storm floods.

Convection storms often take place at the beginning and end of the boreal summer 
and winter, with many thunderclouds making up a storm cloud and with each thunderstorm 
containing several rain-forming cells building up and decaying within a matter of minutes. 
This is due to the orientation of the cell in an active state and the downdraught forces the 
uplift of a new convective cell, a regeneration process which occurs often in a convective 
storm of one or two hours’ duration.

Flash floods are often discussed especially in the context of arid and semi-arid 
environments. This partly reflects the way in which overland flow, generated on smooth or 
steeply sloping ground surfaces having sparse vegetation cover may deliver sudden-onset 
flood flows and result in rapidly rising hydrographs (Smith and Ward, 1998). Cohen and 
Laronne (2005), state that suspended sediment transported by flash floods in deserts is 
much higher than what is typical of perennial fluvial humid environments. The sediment 
yield of individual events is large, but the small number of floods limits the mean annual 
sediment yield to low values in these arid environments. 

In this study, the flash flood that occurred in the Sinai Peninsula during the time 
period 24-25 October 2008 is simulated and evaluated using the WRF Model. 
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The Advanced Weather Research and Forecast (WRF_ARW) model is the latest mesoscale 
numerical weather prediction model, developed by NCAR (National Center for Atmospheric 
Research), designed to serve both operational forecasting and atmospheric research 
needs. WRF is designed to be a flexible, state-of-the-art atmospheric simulation system 
that is portable and efficient on available parallel computing platforms. Different physics 
options are implemented for the atmospheric microphysics, cumulus parameterization, and 
planetary boundary layers. WRF is suitable for a broad spectrum of applications across 
scales ranging from meters to thousands of kilometers.
	 The WRF_ARW model was used to investigate the possible remote effect 
of a cyclone on the heavy precipitation event in Wadi Watier. The National Centers for 
Environmental Prediction (NCEP) global final (FNL) analysis was used to provide both the 
initial and lateral boundary conditions for the WRF model. The model was initialized at 00 
UTC 24 October 2008 and integrated until 00 UTC 25 October 2008 during which Sinai 
encountered a super flash flood. The orographic forcing of the central mountains in Sinai 
played a relatively small role compared with the cyclonic activity in this extreme precipitation 
event.

With WRF, the inner or nested grids can be moved depending on the area of 
interest. It is also possible to start nests with higher-resolution topography updated from 
an external file. With the ability to move nests and start them at different times, even more 
detailed influences of topography can be incorporated in the forecast as the atmosphere 
evolves. For example, a 500-hPa low or trough could be used as the reference point for mid-
latitude cyclone passage. As the cyclone moved from a relatively homogeneous surface to 
one with complex topography, a nested grid with updated, high-resolution topography could 
be started to help identify regions where precipitation would be enhanced by orographic lift. 

METHODOLOGY
A large number of regional weather services use mesoscale limited-area models in 

their forecasting process. The quality of the forecasts is also related to the model capability 
in providing reliable precipitation, temperature, and wind forecasts at resolutions that tend 
to meet the needs of specific applications (e.g., agriculture, navigation, hydrology, flood 
forecasting). The main objective of this work is to analyze the skill of the WRF model to 
forecast the flash flood. A verification procedure has been developed in order to assess 
the ability of the model to provide accurate forecasts throughout the comparison against 
available ground observations

Flood damage can be high in some areas such as Wadi Watier, and flood 
forecasting has not been implemented for the whole area of Sinai. Ideally, rain gauges 
should cover all of the Sinai and should provide an efficient method for rainfall estimation. In 
the absence of those observational facilities, the WRF model forecast can play a key role in 
rainfall forecast. The water resources shortage is becoming a major development constraint 
in Sinai. Egypt is giving higher priority to the development of water resources of ephemeral 
Wadis to cover increasing fresh water demands for agricultural purposes. In this respect, 
Wadi Watier in southern Sinai has been given increased attention for water management.

Wadi Watier constitutes a complex drainage system draining both sedimentary 
and basement rocks into the Gulf of Aqaba in south Sinai. Its catchment area (3600 km2) 
is characterized by some hydrological phenomena (water springs and seeps) which are 
effectively controlled by major and minor structural aspects. The drainage network of Wadi 
Watier is highly affected by North-South, Northeast–Southwest, and Northwest-Southeast 
lineaments.

RAINFALL  ESTIMATION  USING  WRF  MODEL:
A few output examples of the locally run WRF-ARW model will be presented. 

The WRF is run at 3- and 9-km resolutions locally using the NCEP GFS as its initial and 
boundary conditions. The WRF model improves the prediction of mesoscale convective 
systems (MCSs) using explicit treatment of convection on a 4-km grid, compared to prior 
forecasts of MCSs that employed a cumulus parameterization scheme on a 10-km grid 
(Done et al., 2004). 

The WRF forecasts with explicit convection were found to be far superior to the 4 
km grid forecasts in their ability to forecast the MCSs that actually occurred, the number of 
MCSs that would occur each day, and the organization of the precipitating systems. There is 
also evidence to suggest that the explicit version of the model can predict finer distinctions 
in the precipitation structure, with features such as bow echoes, lines of supercell storms, 
and the convective and stratiform regions of squall lines, than is possible with some of the 
existing operational models. Plans are underway to run and assess the performance of the 
WRF model during the 2008 winter season. 

It is anticipated that improved prediction of the structure, organization, and intensity 
of precipitating storms in the forecast models will lead to improved 12- to 24-hour outlooks 
for severe weather, including the potential for flash floods. The advanced research WRF 
(ARW) dynamic core, which uses the Ferrier, Thompson, and Schultz microphysics were 
initialized per 1 h with the diabatic hot start and run to 48 h at 30 km and 3 km resolution for 
entire Egypt and Wadi Watier respectively. The reason behind these two resolutions is to 
see the main features invade Egypt and consequently the Wadi Watier especially.

Figure 1. Wadi Watier area.
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Figure 2. Cyclone at the surface of the earth on 24 October 2008 over Egypt.

Figure 3. The cyclone in the upper atmosphere over Egypt.

A  CASE  STUDY
A cyclone was located over Egypt during the period 24-25 October 2008 

accompanied by a heavy rainfall event over the coastal zones of Egypt and this event 
extended to the Sinai Peninsula. 

As a result of the deepness of this cyclone a flash flood occurred over the Wadi Watier area 
in the Sinai Figure 1.

Egypt was affected by the presence of a depression (Sudan Monsoon Low 
(Inverted V Shape)) at the surface on the 24 October 2008 (case study) as shown in Figure 
2, which led to increasing temperature of the air near the surface of the earth, this warming 
led to the rising of warm air (upward motion) and coincided with cold air in the upper air to 
form the convective clouds. This depression was associated with air masses in the form of 
strong south westerly winds (warm and wet) and have a relatively high temperature. 

The upper air charts for this day by the WRF model indicated that the depression 
at the surface of the earth coincided with a trough in the upper atmosphere causing a mass 
of cold air from southern Europe and Mediterranean Sea in the upper atmospheric layers.
The increase in instability over Sinai is due to its Mountainous nature, where the deepening 
of this trough and its steering to the east occurs due to both thermal and vorticity advections 
respectively as indicated in Figure 3.

These associations of the two depressions in the lower and upper atmosphere 
led to the rising of warm air from the surface of the earth to meet with cold air in the upper 
atmosphere. This situation represents a helpful tool in the formation of convective clouds. 
At the same time the low pressure in the upper air was associated with the southwesterly 
sub-tropical severe jet stream which brought cold air masses from the tropical region as 
shown in Figure 4. This led to a greater number of clouds forming from the tropical region 
which caused an increase in static instability hence an increase in more convective clouds 
as shown in Figure 5.

Figure 4. The south westerly subtropical jet stream.

This situation is accompanied by heavy rainfall over Egypt and Sinai, as shown in 
Figures 6. Since the Wadi Watier region is surrounded by complex terrains, this lead to an 
increase of convection processes which represent a helpful tool to intensify the circulation 
of air over the area causing flash floods. 
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Figure 5. The cloud pattern over Egypt.

Figure 6,. Accumulated total precipitation over Egypt during October 24th, 2008.

This gives an enhancement to the instability in the atmospheric vertical profile. Uplift due 
to instability occurs when the air rises on its own after being lifted to a certain point in the 
troposphere. 

Hence more water vapour is displaced into the upper levels of the atmosphere, which leads 
to the formation of rainy clouds hence the chance of heavy rainfall is reached which caused 
a flash flood over Wadi Watier.

Figure 7. Accumulated total precipitation during October 24th, 2008 over Wadi Wateir.

Moreover, the WRF model was put under investigation during the last two years 
to check its response and validation in forecasting rainfall. The model has succeeded to 
forecast the flash flood events that took place on 24 October 2008. The WRF output file is a 
NetCDF file format. ArcGIS software was utilized to display and represent the WRF model 
output NetCDF files. Figure 7 shows the accumulated total precipitation over Wadi Wateir 
area during 24 October 2008. 

The forecasted rainfall resulted from WRF model has been validated with the 
ground rainfall gauge measurements. Figure 8 illustrates the measured and forecasted 
rainfall intensities at the Sorah rain gauge station. The results show that the forecasted 
rainfall from the WRF model is more or less identical with the measured one. So, it’s highly 
recommended to use WRF model to forecast rainfall precipitation over the study area. 

The predicted total rainfall was 10.8 mm while the measured one was 12 mm 
which show significant consistency between WRF and measurements.

CONCLUSION
The WRF model is a reliable short-term forecasting tool for precipitation events 

over the Sinai based on comparison of the rainfall measurements (Sorah; Wadi Watier; 
24 October 2008); and the output from the WRF model for the same day . The predicted 
total rainfall was 10.8 mm while the measured one was 12 mm which show significant 
consistency between WRF and measurements. 
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Figure 8. Calibration of WRF model results using ground rainfall gauges measurements.

The prediction of small or mesoscale hazards such as tornadoes, severe thunderstorms, 
squall lines and flash floods requires the early detection of signatures, a near-instantaneous 
assessment of the threat and a rapid dissemination of warnings to the population and 
appropriate authorities. The WRF model enables the simulations of flash floods and can be 
used in pre-warning systems. Useful forecasts of the behaviour of the larger scale weather 
systems such as tropical storms and cyclones, intense depressions and large floods can be 
prepared several days in advance using the WRF model. This approach can be extended 
to other types of extreme weather such as severe thunderstorms, record heat and cold, and 
winter storms over the whole of Egypt.
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MEASUREMENT  OF  LEAD  CONCENTRATION 
 IN  ROADSIDE  PARTICULATES  IN  

GABORONE,  BOTSWANA

T. S. VERMA1, S. K. JOHN, P. V. C. LUHANGA, and T. A. THOMAS

1Department of Physics, University of Botswana, P/Bag 00704, Gaborone, Botswana

 (vermat@mopipi.ub.bw)

Abstract: The aim of the present study was to measure concentration of lead in the environmental 
aerosol in Gaborone, Botswana. The Government of Botswana imposed a restriction on the use of 
leaded petrol in March 2006. This study was intended to make measurement of lead content in the 
particles before and after the implementation of the above restriction in Botswana. The measurements 
were taken three weeks before and about eight weeks after the implementation of the restriction. The 
idea was to investigate the trend in the variation of lead content in particles. During this study it was 
seen that the concentration of atmospheric lead declined by about 24 %.

Keywords: Lead particles, leaded petrol and pollution, human health.

INTRODUCTION
	 Cadmium, lead, mercury and nickel are some of the airborne harmful metals. Of 
major interest and concern is toxic lead because it is more largely dispersed compared to 
the other harmful metals mentioned above, as they are locally and regionally concentrated. 
A cause for the large dispersion of toxic lead is vehicular emission. Lead is a part of 
leaded petrol, which most countries are still using. Other sources of environmental lead 
include industries for paints, batteries, lead sheets and pipes, cable sheathing, solder etc. 
Environmental lead concentration has been seen to vary from 0.2 to 2 µg m-3 - this is 
dependent on rural or urban area, and on traffic volume (Elsom, 1987).
	 All over the world, the vehicular density has been seen to rise over the last two 
decades, causing a negative impact on human health and the environment and so some 
countries like Mexico, China and the European Union have stopped using leaded petrol 
(UNEP, 1999).Consequently the environmental lead concentration has been seen to 
decrease. A study undertaken in 2002 in South Africa has shown significant reductions in 
blood lead levels among school children following the introduction of unleaded petrol in 
South Africa (Mathee, et al. 2006). A similar study was also done in the United States of 
America (Lanphear et al. 2000). Other studies also revealed that the lead level in blood has 
decreased due to the phasing out of leaded petrol (Engconsult, 2006).
	 More than 85 % of lead emissions from automobiles consist of highly toxic inorganic 
lead, which is easily absorbed into the body due to the small size of combustion - derived 
lead particles. Many studies have shown the associations between blood lead levels and 
adverse neurological outcomes and behavioural effects (Davis, 1990, Tong, 1998; Paulina 
et al. 2004, Pocock et al., 1994; and Schwartz, 1994). Lead particle concentration was also 
investigated in the UK after the phasing out of leaded petrol. Their results also indicated a 
lower concentration of lead particles in the atmosphere (Nicolas, 2003).
	 Ambient lead from vehicle exhaust may also travel a long distance and spread 
widely, although much lead is deposited on the soil in areas near heavily travelled roads, 
where it persists for prolonged period eventually damaging vegetation. To reduce the impact 
of lead on the environment, leaded petrol was phased out in sub-Saharan Africa with effect 
from 1 January 2006 (Wikipedia, 2006). 
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As part of a global campaign to reduce the negative effects of lead poisoning in living 
organisms, the Government of Botswana also terminated the use and sale of leaded petrol 
from 1 April 2006 see declaration order dated 9 March 2005 (Government of Botswana, 
2005). 
	 Botswana is a land locked country in Southern Africa with a population of about 
1.6 million and a total area of about 581,730 km2 (Botswana Tourism Board, 2006). There 
are approximately 125 motor vehicles for every 1000 people (2007). The total number of 
registered vehicles has increased from 31,684 in 1980 to just over 200,000 in 2006 (BOPA, 
2006).
	 In the present study, it was decided to measure the lead content variation in the 
airborne particles before and after the phasing out of leaded petrol. The facilities for the 
required measurements exist in the Department of Physics in the University of Botswana.

Figure 1. Environmental Scanning Electron Microscope Stub.

EXPERIMENTAL  SET  UP	
	 The aim of the present study was to monitor the concentration of lead content 
present in the collected atmospheric samples. Atmospheric samples were collected on 
small aluminium stubs which had high purity carbon discs of about 12 mm in diameter 
attached to the stub top. Figure 1 shows an example of the stub used. The exposed side of 
the carbon disc had a smooth surface with adhesive to capture environmental particles to 
be later analysed using an environmental scanning electron microscope (ESEM). Each stub 
was placed in a beaker so that wind effects could be minimised and only free falling particles 
could be captured. The beaker was placed at a height of about 2 m from the ground and 
about 5 m away from a busy road that passes by the side of the University of Botswana. 
Exposure times were determined by analysing the traffic flow on the road. It was decided to 
collect samples when there was high traffic flow.   After the preliminary study, it was decided 
to expose a stub for four hours. A new stub was used each time and samples were collected 
three times a week. The study was planned for three weeks before and eight weeks after 
the official date of closure of sale of leaded petrol (1 April 2006). The exposed stubs were 
collected and kept safely in a box in the laboratory for later analysis using the ESEM. 
	 The stubs were then analyzed using Environmental Scanning Electron Microscope 
(ESEM) to detect the lead concentration in the particles collected on each stub. As part 
of preparing the stub for analysis, the stubs were carbon coated by resistive heating of 
shaped carbon rods to provide electrical conductivity. The carbon is heated in a vacuum to a 
temperature of approximately 2137 °C and till a vapour pressure of 1 x 10-4 mb is achieved. 
In this condition carbon sublimes and vaporization takes place. As the atoms of evaporated 
carbon come into contact with the stub, they migrate along its surface, forming clusters and 
cause a continuous film to be produced.

	 Each particle in each stub was observed through ESEM and the weight percentage 
of each element in each particle was measured. The photographs of those particles with 
elemental lead were also taken using ESEM. Some of the micro photographs of the 
particles are shown in Figure 4(a-b). Data were collected from the ESEM and the average 
percentage weight of elements observed in each stub was calculated. 

RESULTS  AND  OBSERVATIONS
	 Table 1 shows the weight % of elements present in one of the particles in Stub 
No.1 which was exposed on 10 March 2006 as analysed by the ESEM.  It shows a very high 
concentration of lead (90.58 %).

Element Weight %

Aluminium 2.31

Silicon 3.68

Potassium 1.00

Iron 1.05

Copper 1.36

Lead 90.58

Table 1. The weight (%) of elements present in a particle.

Similarly the elements present in other particles in different stubs were also analysed using 
ESEM. The average lead concentration in each particle on each stub was found and a 
graph of average weight in percent (%) of lead concentration in different stubs was plotted 
and can be seen in Figure 2. 

Figure 2. Amount of lead present in each stub on different days.

Carbon Adhesive Disc

Stub
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The graph shows the average lead concentration on each stub between 10 March 2006 and 
2 June 2006. Stub No.1 on 10 March 2006 recorded the maximum lead concentration of 
90.58 % and Stub No. 30 on 2 June 2006 recorded the minimum lead concentration of 68.74 
%. As the days progress the amount of lead content present reveals a decreasing trend. 
This could be due to the phasing out of leaded petrol from 1 April 2006 as per Botswana 
Government Declaration Order dated 9 March 2005.
	 Figure 3 shows the average size of particles found containing lead. The average 
diameter of large particles that contained lead was 5 µm and was found in stub Nos. 22 and 
28 whereas the average diameter of the smallest particle that contained lead was 1 µm and 
was found in stub No. 20.

Figure 3. The variation of size of particles containing lead.

	

Figures (4a - b) show the photomicrographs of different particles containing lead, taken by 
ESEM. Figure 4a was for the particle containing lead in stub No. 14. The size of the particle 
was about 2 μm in diameter and was exposed on 24 April 2006 whereas Figure 4b was 
for the particle containing lead in stub No. 28 and was exposed on 28 May 2006. The size 
of this particle was about 5 μm in diameter and was one of the largest observed particles 
containing lead.  

Figure 4b. Stub 28 (28 May 2006).

CONCLUSION
	 This study shows a declining trend in the concentration of lead content in the 
atmosphere in Gaborone, Botswana as was expected. The decline of lead concentration 
in the atmosphere in the 84 days was seen to be about 24 %. It is thought that this effect 
is due to the transition of the usage of unleaded petrol in Botswana which began from 
1 April 2006. We should bear in mind that the lead particle emitted from the leaded 
petrol before the transition date could remain in the atmosphere for several months. The 
measurements (Hana et al., 1983) show that 25 % of the vehicular emission, lead, is in the 
form of large, coarse particles which settle on the road-side and the rest are of a fine size 
which remain floating for a considerable time due to their high residence time. The earlier 
reports (Niriagv, 1989) suggest that an anthropogenic contribution from vehicular emissions 
in particular, dominates the natural cause of lead particles. The concentration of particles 
from mobile and immobile sources is largely controlled by meteorological parameters, wind 
speed and direction. Despite the contribution to human health impact, the possible role of 
these particles are visibility reduction and solar energy transfer influencing environmental 
conditions. These airborne lead particles may also act as ice forming nuclei in ice formation 
in clouds if favourable conditions exist (Haar and Gray, 1971). In order to have a better 
understanding in the trend of lead particles in the atmosphere, continued study is required.
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Abstract:	 About 55,000 lightning flashes were recorded by the Lightning Imaging Sensor (LIS) 
during the 10-year period (1998-2007) in northeast India (NEI) and were analyzed to study their total 
climatology, seasonal, annual and inter-annual variations. The results suggest that the western region 
of the northeast India is prone to a maximum amount of lightning activity and the northeast and eastern 
part is minimal in activity. The activity shifts west and east as the season advances. It is stagnant in 
the western and southwestern region in the last season of the year. The highest percentage of activity 
is observed during the pre-monsoon season. During the annual course the activity exhibits bimodal 
variation giving an average value of 8.4 flashes/pass. The time series analysis of the parameter shows 
that the activity over NEI shows a consistent increase from 1998 to 2002 and then onwards it shows 
a consistent decrease. The activity in December is a characteristic feature for the region. The highest 
magnitude of activity is noticed in the year 2001 with 20 flashes/pass.  

INTRODUCTION
	 Lightning is one of the most beautiful yet terrifying and little understood weather 
events on this planet. It is generated by the breakdown of electric fields in thunderstorm 
systems, through discharges that can be Cloud-Cloud (CC), Cloud-Air (CA) or Cloud-
Ground (CG). It is estimated that around the world every second there are more than 2000 
active thunderstorms producing roughly 100 lightning flashes (Brooks, 1925). Lightning is 
therefore, a far more common phenomenon than most people might think. Deaths and 
injuries to live stock and thousands of forest and bush fires and millions of pounds worth of 
damage to buildings, communication systems, powerlines and electrical systems also result 
from lightning, thus being a menace to people.

	
	

Figure 1.
Topographic Map of 

North East India.
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Figure 2. 10-year climatology of lightning activity (flashes/pass) over northeast India..

	 A review of the formal literature reveals that lightning events and their possible 
association with meteorological parameters have been examined by a number of 
researchers (Thotappallippi et al., 1992; Price and Rind, 1994a,b; Mackerras and Darveniza, 
1994; Orville, 1994; Orville et al., 1997; Hodnaish et al., 1997; Yair et al., 1998; Pinto et al., 
1999; Boccippio et al., 2000a,b,c; Nesbitt et al., 2000; Williams et al., 2000; Petersen and 
Rutledge, 2001; Toracinta et al., 2002) in the tropics and extratropical region. Although 
the studies have provided a valuable look into the thermodynamic and meteorological 
parameter, the climatology of the parameter has not been discussed except in a few studies 
(Holt et al., 2001; Orville and Huffines, 2001; Hodniash et al., 1997). Similarly over the 
Indian region the parameter has been examined to study their diurnal and spatio temporal 
variability (Kandalgaonkar et al., 2003, 2005, 2006). A survey of the available literature 
over the Indian region shows that minimum attention is given to the climatology of lightning. 
Studying the climatology of past lightning events provides additional information that can be 
used in some instances to increase the reliability of forecasts. 
	 NEI is one of the most lightning prone regions in India (Rao and Raman, 1961; 
Krishna Rao, 1961; Rao et al., 1978; Subramanian and Seghal, 1967). Every year the 
region receives quite a good number of thunderstorms during the pre-monsoon months 
(Chadhuri, 1961; Sen and Basu, 1961; Mukherjee et al., 1964). The places of origin of these 
thunderstorms affect the foothill region of Chota Nagpur, of the hills flanking the northern 
and eastern boundaries of Bengal and Assam and the foot of the Khasi Hills (IMD, 1941). 
However, most of these thunderstorms belong to Type A and Type B of “Nor’westers” in 
Bengal. Type A usually starts in West Bengal and Chota Nagpur area in the afternoon hours 
and proceeds in the northwest and southeast direction to then eventually reach NEI. Type B 
thunderstorm originates in sub-montane districts of north Bengal during the night and in the 
early morning they move down to the mouth of Meghana and some of these thunderstorms 
affect NEI. 
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© Conor McDonald
“ Photo was taken just north of Maghera, (Northern Ireland) during a day 
of cold air convection... whilst shooting anvils we were treated to some 
great rainbows and cracking hail curtains as these beauties drifted by.”
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The mechanism of formation favourable for these synoptic situations and the movement 
of these thunderstorms have already been studied by several researchers (Desai, 1950; 
Mull et al., 1955; Bose, 1957; Koteswaram and Srinivasan, 1958; Srinivasan et al., 1973; 
Philip et al., 1973; Kalita and Kalita, 1995). Although these thunderstorms are considered 
as blessings to the region providing much needed water in times of drought, some of them 
are devastating in nature and cause an enormous loss of property and life and they are a 
serious hazard to aviation. A number of studies describing the thunderstorm climatology, 
rainfall, convective clouds over NEI are available (Chowdhury and Banerjee, 1983; Kalita 
and Sarma, 2000), however the study pertaining to the thunderstorm relating to lightning 
over this region has not been noticed in the scientific community. Considering NEI is one of 
the major centres of electrical activity in the world, and it is influenced by synoptic, thermal 
and orographic factors, an examination of the spatio-temporal variability of the lightning 
may be considered as additional information. Therefore in this paper the authors assess for 
the first time, the climatology of the lightning over NEI during a 10-year period (1998-2007), 
which can be considered as the best available information to date. 

DATA 
	 The satellite-based LIS grid data (1° x 1°) for 10 year period (1998-2007) have been 
used in the present study. The details of the satellite are discussed elsewhere (Christian et 
al., 1999; Boccippio et al., 2000; Kandalgaonkar et al., 2003, 2005). The present study’s 
domain, NEI, stretches between 89° to 98°E longitude and 23° to 28°N latitude (Figure 1). 
For the analysis purpose the latitude belt is divided into six strips of a 1° interval each.  The 
number of 1° x 1° boxes in the six latitude strips is 27 respectively. The lightning activity 
recorded by the LIS in each grid box during the 10-year period is utilized to study their 
spatial, temporal and seasonal variation. 
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Figure 3(a-d). Seasonal variation of lightning activity (flashes/pass) over northeast India.
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	 Table 1 gives the number of flashes/pass and the percentage of flashes and passes 
which occurred during the 10-year period for each latitude strip.  From the table it can be 
seen that during the period of study the average number of flashes/pass observed over 
the entire NEI is 8.4.  The highest number of flashes/pass is observed in the latitude strip 
24°N-26°N. The percentage of occurrence in flashes and passes show that the number of 
these increases from 23°N to 26°N except 24°N and then starts decreasing from 27°N and 
becomes minimal at 28°N. The highest percentage of flash occurrences is 31 % and passes 
28% respectively and these are between 25°N - 26°N. Chowdhury and Banerjee (1983) 
studied hailstorms over NEI for an 8-year period. Their studies revealed that the latitudinal 
strip between 24°N and 26°N and the longitudinal strip between 90°E to 92°E experienced 
a maximum number of hailstorms which is nearly 33 % of the total number of hailstorms 
occurring in this region. Since the formation of hail plays a part in electrical phenomenon 
during the thunderstorm event, any information about its formation may be useful for the 
identification that the storm may be intensifying. 

Strip Flashes / Pass Percentage of flashes Percentage of passes
23°N-24°N 

and 
89°E-97°E

11.33 14.49 12.07

24°-25°N 
and 

89°E-97°E
11.78

9.71
7.79

25°N-26°N
and 

89°E-97°E
11.23 30.61 25.74

26°N-2°oN
and

89°E-97°E
10.30 30.33 27.79

27°N-28°N
and

89°E-97°E
5.59 11.88 20.05

28°N-29°N
and

89°E-97°E
4.27 2.96 6.54

RESULTS
Total climatology
             Figure 2 shows the average number of flashes per pass contoured for the 10-year 
period (1998-2007) over NEI. From this figure it can be seen that the broad maximum (16 
flashes/pass) of the activity exits along the west of NEI (26.25° N and 90.5°E) and it extends 
northwards, southwards and eastwards. Its extension towards northward is uniform while it 
is steep towards the east and south. A local minimum is evident in the northeast and eastern 
part of the region. 
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Table 1.  
Percentage of 
flashes and 
passes and 

number of flashes/
passes in each 

latitude strip over 
NEI during 

10-year period.
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Figure 4a.  Annual variation of lightning activity over northeast India.

4b  Time series analysis of lightning activity over northeast India.

Many storm parameters such as temperature, electrical conductivity, hydrometeor 
type vary widely within thunderstorms and this variation may be important to electrification 
processes and lightning production (MacGorman and Rust, 1998). Thus the maxima in the 
lightning in the above mentioned strip is in agreement with the hailstorm studies made by 
Chowdhury and Banerjee (1983). The probable cause for the maximum lightning activity 
in the area between 24°N to 26°N could be due to the topography of NEI which includes 
the mountainous district of the Garo Hills and Khasi Jaintia Hills. Due to the hilly region, 
the convergence of the airmass of the contrasting thermal and humid characteristics is a 
potential reason for cyclogensis where marked instability frequently develops. 

Roy (1939) showed that active thunderstorms often develop in this frontal zone, located 
mostly in the moist airmass. Within this frontal zone, convection develops when a warm 
and moist southerly airmass from the Bay of Bengal glides over the cold and denser current 
over the northwest. The buoyancy is enhanced by the effects of insolation (Zuidema, 2002). 
Williams (1994) suggested that the conditional instability is more fundamental for the 
development of thunderstorms and hence lightning. Thus the higher lightning activity over 
the region may be due to the consistent unstable condition of the atmosphere.

SEASONAL  VARIATION  OF  LIGHTNING  ACTIVITY  OVER  NORTHEAST  INDIA
	 Figure 3a shows the contours of lightning activity during the pre-monsoon season. 
The highest activity of 28 flashes/pass was observed in the western part of NEI near 
Tura (TRA) and Roopsi (RPS). The next higher centre (8.4 flashes/pass) is located in the 
northeastern part of NEI between Dibrugarh and Darjeeling. The seasons lower the central 
activity (7 flashes/pass) and this is observed along the eastern part of NEI near Kohima 
(KHM). The above result of higher and lower activity centres is in agreement with the studies 
made by Kalita and Sarma (2000). Their results showed that thunderstorm days without 
rainfall is found to be highest at Agartala (40 %) followed by Rupsi, Imphal, Guwahati, 
Tezpur, Shiliong, Pasi Ghat, North Lakhimpur, Silicar, Cherrapunji and Mohanbari. The 
average number of flashes/pass in this season is 11.3.
	 Figure 3b gives the similar plot for monsoon season. In this season, entire NEI 
experiences the lightning activity but the magnitude of the activity is less compared to pre-
monsoon season. The season’s highest activity is 6.1 flashes/pass which is observed along 
the southwestern boundary of NEI. In this season the activity is shifted west. There are 
nearly six centres of higher activity ranging from 5.0 to 6.1 flashes/pass. The minimum 
activity of the season is seen north of NEI. From Figure 3b it can also be seen that in 
this season activity decreases from the west and southwest to the northeast and becomes 
minimal in the north. The average number of flashes/pass is 4.2.
	 Figure 3c gives the activity for post-monsoon season. From this figure it is seen that 
except northeast, northwest and southwest areas of NEI, the remaining areas experience 
minimum lightning activity (4.4 flashes/pass). The southwest part experiences the season’s 
highest activity (18 flashes/pass). In this season the higher activity centres shift further west 
and crosses the entire northeast, western and southwestern boundary of NEI. The average 
number of flashes/pass is 4.3.
	 Figure 3d shows a similar contour for winter. From this figure it is seen that the higher 
activity centres are shifted eastwards concentrating again at the western, southwestern and 
southeastern part of NEI. The season’s minimum activity is seen in the northeastern part of 
NEI. The average number of flashes/pass is 4.6.
	 The inter-seasonal comparison of the activity shows that in pre-monsoon season 
the magnitude of the activity is higher and is concentrated only in the western part of NEI 
and decreases towards the east initially with a uniform gradient, but later, with a higher 
gradient along the northeast. In monsoon season the activity shifted to the west. Thus the 
higher activity centres lie on the western and southwestern boundary of the region. Compare 
this to pre-monsoon season, and one finds that entire NEI experienced lightning activity of 
~ 2-8 flashes/pass with a uniform gradient and the magnitude of the flash rate is also one 
third of the pre-monsoon season. Similar comparisons between the monsoon and post-
monsoon seasons shows that, only the northeast, northwest and southwestern parst of NEI 
experiences higher activity in post-monsoon seasons and the rest of NEI shows minimal 
activity. Compare post-monsoon season in winter season, the activity is again shifted to the 
east and is concentrated along the western, southwestern, southern and southeastern parts 
of NEI. 
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The magnitude of the activity is also higher when compared to the post-monsoon season. 
Thus the inter-seasonal comparison of the activity shows that as the season advances the 
activity is shifted west and east and then becomes stagnant in the western and southwestern 
regions of NEI in the last season of the year. The percentage distribution of the activity 
during the different seasons is 68 % (pre-monsoon), 25 % (monsoon), 3 % (post-monsoon) 
and 3.4 % (winter). 

ANNUAL  AND  INTER-ANNUAL  VARIATION  OF  LIGHTNING  ACTIVITY
	 Figure 4a shows the annual variation in mean monthly lightning activity over NEI. 
From this figure it is seen that during the annual course, lightning activity exhibits bimodal 
variation giving the first prominent peak (13 flashes/pass) in April and a second lower peak 
is spread between September and October months (5.5 flashes/pass) giving the average 
value as 8.4 flashes/pass. The minimum activity in monsoon season is apparent and varies 
between 4 to 6 flashes/pass. 
	 Figure 4b shows the variation of monthly lightning activity over NEI as a time 
series from January 1998 to June 2007. From the figure it is seen that the activity over NEI 
shows a consistent increase from 1998 to 2002 and then onwards it shows a consistent 
decrease. The bimodal variation of activity is a characteristic feature of the region. A careful 
examination of time series shows that NEI experiences the activity in every month except 
during 1998, 2000, 2001 and 2005. The activity in December is a characteristic feature for 
the region. The highest magnitude of activity is noticed in the year 2001 with 20 flashes/
pass.  

CONCLUSION 
	 About 55,000 lightning flashes were analyzed in NEI in terms of their spatio-
temporal distribution during the 10-year period studied (1998-2007). From this study, the 
authors conclude that the total climatology of lightning activity showed that the western 
region of NEI experiences higher activity and the minimum activity is located in the northeast 
and eastern parts of the region. Seasonal analysis of the activity shows that as the seasons 
advance, the activity is shifted to westward and eastward and becomes stagnant in the 
western, southern, southeastern and southwestern regions of NEI in the last season of 
the year. The percentage distribution of the activity during different seasons is 68 % (pre-
monsoon), 25 % (monsoon), 3 % (post-monsoon) and 3.4 % (winter) respectively.

The lightning activity exhibits bimodal variation during the annual course and this 
is a characteristic feature for NEI. The average flash rate over NEI is 8.4 flashes/pass. The 
authors also conclude that the time series analysis of the parameter shows that the activity 
over NEI shows a consistent increase from 1998 to 2002 and then onwards it shows a 
consistent decrease. The activity in December month is characteristic for the region. The 
highest magnitude of activity is noticed in the year 2001 with 20 flashes/pass.  
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THIS  MONTH  35  YEARS  AGO:  MARCH  1975

To mark the 35th anniversary of the International Journal of Meteorology we continue the 
series of short items about the weather of the corresponding month 35 years ago.

An unsettled westerly pattern led to a mild first week of March 1975, but cold north and east 
winds prevailed for the rest of the month, and monthly mean temperatures were generally 
below normal. Following a very mild December to February period, this made March the 
coldest month of the winter over southern and central England, and in many areas it was 
also the snowiest month of the winter. Monthly rainfall was below average in the northwest, 
but well above average in the southeast (more than three times the average locally in Kent, 
where falls reached 50 mm in 24 hours in a few places on the 19/20th, in association 
with a depression over the near-Continent). Sunshine, not surprisingly, showed the reverse 
pattern – above average in the northwest, but only 50 % of average in Kent.

Cold northerly winds brought snow showers to many areas in mid-month, and again 
in the last few days of the month (which included the Easter celebration on the 30th), and many 
places, even in the south, recorded a few days with snow lying at the morning observation 
(0900 GMT). On low ground, depths were mostly small, but 10-15 cm was lying in parts of 
central and eastern England on the morning of the 28th (see Figure 1), after showers merged 
into more persistent moderate snow overnight; and 20 cm or more was reported from a few 
places in the Eastern Highlands of Scotland about the same time. Night frosts occurred 

frequently in the 
second half of the 
month, and were 
severe at times in 
the north (-11.0 °C 
at Lagganlia, below 
the Cairngorms, 
on the 14th), while 
further south Santon 
Downham in Norfolk 
recorded -7.1 °C on 
the 31st.

Figure 1. Reported snow 
depths in centimetres at 

0900 GMT 
28 March 1975.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY  
    March 2010,  Vol.35,  No.34798 © THE INTERNATIONAL JOURNAL OF METEOROLOGY  

    March 2010,  Vol.35,  No.347
99



35th Anniversary Year 35th Anniversary Year

TORRO  TORNADO  DIVISION  REPORT:  MAY  2005

By PAUL R. BROWN and G. TERENCE MEADEN

	

After an unsettled start to May 2005, high pressure dominated the weather until after mid-month, but 
further troughs of low pressure moved northeast across the British Isles during the second half. This 
was a productive month for whirlwinds, with 13 tornadoes (nine definite) and 21 reports of funnel clouds.

tn?2005May01 Abergavenny (to SE), Monmouthshire (c 51° 48’ N 3° 01’ W, SO 3012)
	 Information was received third-hand via Laura Gilchrist of TORRO, who heard that 
a taxi driver had stopped his vehicle about a mile out of Abergavenny on the road to Raglan 
during a heavy hailstorm, because he feared for his windscreen; he looked out and saw a 
‘twister’ with debris moving round in a circular motion. This was said to have happened at 
about 0120 (0020 GMT) on ‘Saturday night’, i.e. the early hours of Sunday (1st May); but 
without further evidence we are disinclined to rate it as more than a possible tornado (Force 
T0). At 0000 GMT a southeasterly airstream covered the British Isles on the fringe of a 
low, 988 mb, southwest of Ireland; a shower trough with medium-level thunderstorms was 
moving north across South Wales and southern England.

tn2005May02/I Hoylake (Elm Grove), Cheshire (53° 24’ N 3° 10’ W, SJ 220892)
	 Mr Tom Singleton of Elm Grove, Hoylake, submitted this report of what was probably 
a tornado, which occurred at 1355 (1255 GMT): just before the onset of a thunderstorm the 
wind picked up to an estimated speed of 50-60 mph, and from its effect on trees and shrubs 
it appeared to be rotating in an anticyclonic (clockwise) motion; it lasted no more than one 
minute. He also heard of garden furniture being lifted and blown about at another location 
500 yards to the eastnortheast. By 1200 GMT the previous day’s low had drifted closer 
to Ireland while filling to 1000 mb and becoming complex; a southwesterly airstream with 
shower troughs covered the rest of the British Isles. There were showers, especially in the 
west, some of which were thundery in central areas.

TN2005May02/II Hoghton (Gregson Lane, near Livsey Green Farm) to Samlesbury (near 
Blue Slate Farm), Lancashire (53° 44’ N 2° 38’ W to 53° 46’ N 2° 35’ W, SD 586264 to SD 
614298)
	 This was first reported on BBC Lancashire (2nd May), and later in the Manchester 
Evening News and Lancashire Evening Post (3rd May). The latter newspaper published a 
detailed account, including several eyewitness reports, e.g. Mrs Rebecca Dargavel of Daub 
Hall Farm said: “... I was outside with my husband and ... the trees were bent right over. We 
could see everything from the garden blowing up and spinning round. We ran in the house. 
You could feel it rushing behind you. As we got into the house we couldn’t shut the doors, 
my husband was struggling it was that bad”. A number of photographs were taken of the 
tornado during its progress across the area, and some reports indicated that there were 
possibly two distinct funnels (although it is not clear if both reached the ground).
	 Justin Parker and Samantha Hall of TORRO carried out a preliminary site 
inspection the next day, and Hall returned to the area with Andrew Begent-Peers of TORRO 
on the 7th. A full report was published in Hall, 2005. The first sign of damage was in woods 
near Livsey Green Farm, from where the track continued in a northeasterly direction for 4.3 
km to just beyond Blue Slate Farm. 

There was extensive damage to trees and hedgerows, including some large trees either 
felled or snapped off; many houses in Methuen Avenue and adjacent roads suffered roof 
damage, in some cases rendering them uninhabitable; a car was lifted off the ground and 
another overturned, while at Daub Hall Farm (SD 591270), caravans were destroyed and 
a barn roof removed; and at Burns Farm (SP 610291?) there was a report of sheep being 
levitated. The width of the damage was 100 m (a figure that was also stated independently 
by a firemen who attended the scene). The time of occurrence was approximately 1930 
(1830 GMT). Force T3, perhaps locally T4. One of the interviewees said that she had heard 
that two other people had seen a tornado [perhaps just a funnel cloud] earlier that same day, 
at 1500 (1400 GMT), but no further information about this has come to light.

FC2005May02 Northwich (to NW), Cheshire (c 53° 15’ N 2° 32’ W, SJ 6573)
	 Reported at 1230 (GMT?) by Andrew Begent-Peers of TORRO.

q/tn2005May02 Barnoldswick, Lancashire (53° 55’ N 2° 12’ W, SD 8746)
	 A report in Pendle Today of the 6th May, headed ‘Was town struck by mini-
tornado?’, described how, at about 1600 (1500 GMT), at the start of a heavy shower, Mr 
Stanley Graham witnessed a sudden increase in wind and saw “... the dust rotating anti-
clockwise as it lifted off the road. As the rain, very heavy by now, slaked the dust, I could see 
the trees in the hedge at the west end of the park whipping about in the wind. It only lasted 
two or three minutes, but I reckon the wind was strong enough to be on the verge of causing 
structural damage”. This seems more likely to have been a gust front than a tornado.

FC2005May02/03 Between Nuneaton and Rugby, Warwickshire (c SP 48)
	 Seen at 1420 (GMT?) and said to have been three-quarters of the way to the 
ground. Information from Robert Doe of TORRO.

FC2005May03/I Glen Garry (8 km NW of Trinafour), Perthshire (c 56° 48’ N 4° 12’ W, NN 
6670)
	 This was reported to Matt Capper of TORRO. It was said to have been 500 ft long 
and visible for 10 minutes at 1035 (0935 GMT). The low to the southwest continued to drift 
northeast and fill, and by 1200 GMT was centred near eastern Scotland, 1005 mb. There 
were further showers and a few thunderstorms (the latter mainly in northern England).

FC2005May03/II St Andrews, Fife (56° 20’ N 2° 48’ W, NO 5116)
	 Seen at 1550 (GMT?) and apparently reported on The Weather Outlook forum.

TN2005May03/I Telford (Handleyshitch), Shropshire (52° 37’ N 2° 28’ W, SJ 688015)
	 A photograph of this tornado, taken by Mr Bob Swallow, was published in the 
Shropshire Star of the 5th May. It was said to have been taken in the evening looking east 
towards Shifnal, and shows a very ragged funnel, apparently in the process of disintegrating, 
but clearly reaching almost to the ground. (It was also reported in the COL Daily Weather 
Diary, where the date was given incorrectly as the 2nd.)

fc2005May03/III Manchester (Walkden?), Lancashire (53° 31’ N 2° 25’ W, SD 7303?)
	 One of the people who reported the Hoghton tornado of the previous day contacted 
the BBC to say that a friend had reported tornadoes in Manchester (possibly at Walkden); 
but the most we can say about this is ‘probable funnel cloud’.
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TN2005May03/II Bramcote area, Nottinghamshire (c SK 53)
	 A good photograph was seen of swirling cloud at ground level, but time and exact 
location unknown. Force T0.

FC2005May08 Thames Estuary, Essex
	 Reported on the UKWeatherworld forum, but time and exact location unknown. It 
extended one-sixth of the way from the cloudbase, and lasted 2-3 minutes. At 1200 GMT a 
northwesterly airstream covered the British Isles between a low, 994 mb, over south Norway 
and a high, 1029 mb, in mid-Atlantic. Showers, some of which were of hail, affected many 
parts during the day (away from the southwest).

FCs2009May09/I Isles of Scilly, Cornwall (c SV 91)
	 From the COL Daily Weather Diary: “According to the Met. Office the showers 
produced large hail in Cardiff and funnel clouds around Scilly”. (No other information to 
hand.) By 1200 GMT the high to the west had drifted closer to Ireland, 1026 mb, and a 
weak northerly airstream covered most of Britain. There were further showers, some of hail, 
mainly in central and eastern parts.

FC2005May09/II Eastbourne, East Sussex (c 50° 47’ N 0° 15’ E, TQ 5900)
	 Photographs of this funnel cloud were shown on the UKWeatherworld forum. Time 
was 1300 (GMT?).

2FC2005May10 Jersey (to north and NNE of Airport), Channel Islands (c 49° 19’ N 2° 10’ W)
	 Funnel clouds were seen 12 km northnortheast of the airport at 0907 GMT, and 8-10 
km to the north between 0932 and 0945 GMT (information from Mr Frank Le Blancq). The 
first reached a quarter of the way from cloudbase to sea, and lasted less than 10 minutes; 
the second was well-defined, and reached a third of the way down from the cloudbase. By 
1200 GMT the previous day’s high, now 1028 mb, had moved to near the Hebrides, and the 
whole of the British Isles was in its circulation. There were, however, still a few showers in 
eastern England and over the English Channel.

LD-WD2005May11 Liverpool (Sefton Park), Lancashire (53° 23’ N 2° 57’ W, SJ 3787)
	 The Liverpool Echo (13th May) published a photograph, taken by Mr Terry Byrne, 
of this devil (referred to as a ‘mini-tornado’), which overturned an empty pram, sucked a 
baby’s bottle into its circulation, and gathered up branches and grit, before moving across a 
small lake, where it created a swirl of spray. It occurred at 1745 (1645 GMT) ‘on Wednesday’ 
and lasted about 30 seconds. The anticyclone that had been moving east over the previous 
few days was centred near The Wash, 1028 mb, at 1200 GMT. Apart from a few showers in 
the north of Scotland, the weather was dry with sunny periods and local sea breezes.

fc2005May18 Swansea (St Thomas), Glamorgan (51° 37’ N 3° 56’ W, SS 6693)
	 The South Wales Evening Post of the 21st May reported that several readers had 
seen a funnel cloud over the St Thomas area ‘on Wednesday evening’. At 1200 GMT a ridge 
of high pressure over eastern England was moving away east as fronts approached Ireland 
in association with a complex low, 1004 mb, to the west. By evening, rain was getting into 
Wales and western England. Given that the cloud structure was layered and quite high, it is 
difficult to credit this report of a funnel cloud.

TN2005May21/I Brean (Warren Farm), Somerset (c 51° 18’ N 3° 01’ W, ST 298564)
	 Local press reported that at 2140 (2040 GMT), just after a heavy rainstorm, a ‘mini-
tornado’ overturned three caravans and moved three others at Warren Farm Holiday Park. 
A tourist occupying one of the vans suffered a broken collar bone. Force T2-3.
	 At 1200 GMT a complex area of low pressure lay from north of Scotland to west of 
Ireland, while shower troughs were moving northeast across England and Wales; a small 
non-frontal low of 998 mb moved from southwest of Ireland into South Wales during the 
evening. Many areas had showers, some thundery, and there were a few longer spells of 
rain as well.

TN2005May21/II Gloucester (Linden, Bowly Road), Gloucestershire (51° 51’ N 2° 15’ W, 
SO 828166)
	 This and the following event were reported as ‘mini-tornadoes’ in the Gloucester 
Citizen (23rd May). This one was said to have struck Bowly Road just before midnight (2300 
GMT) on ‘Saturday night’, ripping tiles from roofs (some of which damaged a motor car as 
they fell), and sending fence panels flying through the air. Force T1.

TN2005May21/III Gloucester (Kingsholm, Lansdown Road), Gloucestershire (51° 52’ N 2° 
14’ W, SO 841193)
	 This other Gloucester tornado, although only a short distance from the Linden 
one, seems to have differed sufficiently in time for it to be treated separately (although if 
‘just before midnight’ in the Linden report is taken loosely, it could perhaps have occurred 
about the same time as this one, making them probably a single event). This Kingsholm 
tornado struck Lansdown Road at about 2245 (2145 GMT), tearing trees from the ground 
and causing similar damage to tiles and fence panels as noted in the previous entry. Force 
T1.

TN2005May21/IV Rugby (Overslade Lane to Abbey Street), Warwickshire (52° 22’ N 1° 17’ 
W to 52° 23’ N 1° 15’ W, SP 492737 to SP 516757)
	 TORRO members Fernando Osborne and Carl Peake investigated this tornado, 
which occurred at 1600 (1500 GMT) in association with a hail/thunderstorm. Two witnesses, 
Mr David Canham and Mr John Jacklin, saw ‘spiralling winds’ at ground level in Oxford 
Street and Abbey Street, the former witness describing ‘a roar like a jet engine’. Later, 
the Rugby Advertiser of the 2nd June published a report in which it described the effects 
at the Imperial Hotel in Oxford Street (SP 514756). The manager, Mr Alan Hutton, said: “I 
heard noises outside and saw the trees bending in the wind ... Then the chimney came 
crashing through the roof and landed where I had been sitting”; and Mr Dennis Hollier said: 
“I looked out the window and the tables were off the ground and twirling around. The roof 
of the conservatory was lifted off and bricks were flying around in the beer garden. It just 
seemed to engulf the whole building for about six minutes”. At Stanbridge Motors (then in 
Abbey Street at SP 516757, but now moved), Mr Andy Stilgoe described how “The roof flew 
off, I ran into the workshop, bricks were flying around outside”. There was also a report of 
damage to a marquee about a mile to the southwest, in Overslade Lane (SP 492737), which 
seems likely to have been caused by the same tornado. The track was therefore 3.1 km 
from southwest to northeast. Force T3.

q2005May21/I Silverstone (Motor Racing Circuit), Northamptonshire (52° 04’ N 1° 01’ W, 
SP 6742)
	 A sudden strong wind lifted temporary structures into the air and deposited them 
on the track of the racing circuit. 
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Two riders were knocked off their motorcycles (both were uninjured). Time of day not stated, 
but probably afternoon.

q2005May21/II Clipston (Recreation Ground), Northamptonshire (52° 26’ N 0° 57’ W, SP 
717818?)
	 A marquee was uprooted and collapsed by a ‘freak wind’ during the afternoon 
(report from local press). Two people inside escaped without injury.

tn2005May21/V Coates (Cross Drove), Cambridgeshire (52° 33’ N 0° 05’ W, TL 3097)
	 The Peterborough Evening Telegraph (23rd May) reported that a ‘tornado’ 
damaged buildings in a stable yard at Cross Drove, sending planks of wood flying into the 
air and causing the horses to panic, while tiles were ripped from the roof of the house. The 
owner, Ms Sarah Marshall, said: “The winds picked up my heavy wooden stables, which 
were bolted down, ... and smashed them against the side of the house. Luckily my horses 
had managed to leap to safety ...”. Nearby homes were unaffected. The time was given as 
about 1845 (1745 GMT), and duration about 30 seconds. Force T1.

FC2005May21/I Linton, Cambridgeshire (52° 05’ N 0° 17’ E, TL 5646)
	 Photographs were apparently taken of this funnel cloud, but no information is 
currently to hand.

FC+q2005May21/II Heacham area, Norfolk (c 52° 44’ N 0° 29’ E, TF 6737)
	 Sam Jowett of TORRO received a report from a correspondent (full name not 
known) in the King’s Lynn area, who said that at approximately 1800 (1700 GMT) she 
watched a thunderstorm approaching from the south, while other clouds appeared from 
the west and began rotating into the main cloud; when the whole mass was overhead there 
was a ‘terrible downdraught’, which lasted 10-20 seconds and caused minor damage in 
the garden. In a separate report, another witness (full name not known) described a similar 
sequence of events from a position between Dersingham and Ingoldisthorpe; this is just 
south of Heacham, for which there was a vague report of a ‘tornado’ in the Meteorological 
Office Monthly Summary (repeated as such in the COL Daily Weather Diary); and Dr Charles 
Briscoe of TORRO noted that the BBC weather forecaster had mentioned a funnel cloud (or 
clouds) off the north Norfolk coast. All these reports are here regarded as belonging to the 
same event, although there remains some doubt as to its exact nature.

TN+FC2005May22 Spittal, Caithness (58° 28’ N 3° 26’ W, ND 1654)
	 The Press and Journal (24th May) reported that Mr Paul Murphy and his family 
were travelling through Spittal towards Thurso when they saw a ‘double tornado’, one ‘very 
large’ and another behind it. And the Caithness Courier (28th May) reported the same event 
seen by Mr Walter Mann from Westerdale, who watched the tornado “being sucked back into 
the sky after it dropped down to earth from a dark rain cloud”. Both of these witnesses, and 
others, took photographs of the funnel(s), but we have not seen them; we have, however, a 
photograph by Ms Paula Gent showing recently-fallen conifer trees in the area, which would 
seem to confirm that at least one funnel reached the ground. The time was between 1345 
and 1400 (1245-1300 GMT). Force T0. At 1200 GMT Britain remained under the influence 
of a complex area of low pressure, with main centre, 989 mb, northwest of Ireland, and 
secondary centre (the one that had moved into Wales the previous day), 999 mb, over 
northeast Scotland. There were further occasional showers and a few thunderstorms.

FC2005May23 Antrim, County Antrim (54° 43’ N 6° 14’ W, J 1487)
	 A photograph published on the Net-Weather forum by an anonymous correspondent 
showed a funnel cloud reaching about halfway to the ground, seen at 1320 (1220 GMT). 
Despite the photographer’s questionable sense of direction, the evidence in the picture 
indicates that it was seen towards the southwest. At 1200 GMT the previous day’s main low, 
now 999 mb, was over northern Ireland, while a new secondary, 1002 mb, had developed 
over northeast Scotland. Showers were again fairly widespread, together with a few longer 
spells of rain.

LD2005May29 Penryn (Football Ground), Cornwall (50° 10’ N 5° 07’ W, SW 775338)
	 This is the West Country of the 2nd June published this under the headline ‘Shock 
as tornado hits’, and quoted Ms Trish Bennett: “A big black cloud appeared, the wind picked 
right up and you could see that everything was being sucked up into the air. It picked up 
buckets and glasses and threw them into the air. It lasted for about 30 seconds and then 
everything was dumped onto the side of the football pitch and it all disappeared”. While it 
is just possible that this was a weak tornado (T0/1), perhaps associated with sea-breeze 
convergence, the most likely explanation is that it was a strong land devil. The time of 
day is not specified in the report. At 1200 GMT a weak ridge of high pressure covered the 
south, while the north was under the influence of a low, 1003 mb, between Shetland and 
Norway. There were showers in the north, but the south was dry with sunny periods and sea 
breezes.

FC2005May30/I Garway Hill area, Herefordshire (c 51° 55’ N 2° 49’ W, SO 4425)
	 A good photograph of this funnel cloud, reaching nearly halfway to the ground 
at a slanting angle, was taken by Mr Chris Gooding and published by BBC Hereford and 
Worcester. It was seen from Grosmont in Monmouthshire at about 2015 (1915 GMT) but 
appeared to be just across the boundary in Herefordshire. In personal correspondence with 
Howard Kirby of TORRO, Mr Gooding noted that the event lasted some 10 minutes. At 1200 
GMT a ridge of high pressure lay from Iceland to the Bay of Biscay, and a weak northerly 
flow covered central and eastern Britain, within which a shower trough was analysed over 
East Anglia. There were showers, and one or two thunderstorms, near the trough, and also 
showers in northeast Scotland, but other areas were mostly dry.

FC2005May30/II Romford (Collier Row), Essex (51° 35’ N 0° 10’ E, TQ 5090)
	 Mr Joe Shaw reported this via Matt Capper of TORRO - a small, short-lived, funnel 
as a line of thundery showers (with hail) moved southeast (time not stated).

TN+FC2005May30/I Barway/Wicken, Cambridgeshire (c 52° 20’ N 0° 16’ E, TL 5573)
	 At approximately 1100 (1000 GMT), Mr Benton Spencer saw a tornado from the 
village of Barway, which reached the ground and could be seen raising dust over the fields; 
and a few minutes later he saw another funnel cloud (which did not reach the ground) 
nearby. He said the tornado lasted two to three minutes, and was half a mile wide (a value 
that we treat with caution). This tornadic activity was quite widely reported in both the local 
and national news media, and several photographs were published. The BBC showed 
an excellent photograph taken by Mr Dick Turnill from Little Thetford; and the Cambridge 
Evening News (31st May) also had a particularly good picture showing the vortex from cloud 
to ground, with a wide swirl of dust at its base; this report gave the location as Wicken, 
where Ms Debbie Thomas said: “I could see the start of the tornado taking shape ... It was 
a huge black cloud in the sky and was whipping up dirt and dust in its path. 
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CALL  FOR  WEATHER  DVDS  AND/OR  VIDEOS  2010!

Have your video reviewed by our International Severe Weather Media Reviewer  - Paul Domaille. 
Featured in The International Journal of Meteorology and read by hundreds worldwide - what better 

advert for your chase highlights - if it’s good!

We are now also reviewing scientific documentary DVDs - if you have one, or have seen one, send 
them in to be reviewed!

If it’s a DVD/Video and it’s about severe weather - we will review it!

If your DVD/Video is featured it will automatically be entered into the new TORRO/ International 
Journal of Meteorology Film Festival! Details about the last festival can be found on our website.

Send your DVDs and/or Videos to:

Media Reviews, Paul Domaille, Les Amarreurs, Route de Coudre, St Peters, Guernsey, GY7 9HX
UNITED KINGDOM

It was about three metres across from where I was looking and stretched from the ground 
to the sky”. The newspaper also stated that “The 30 ft-wide twister raced down the high 
street [of Ely] during the morning”, which we assume means it was seen above the town 
as a funnel cloud. There were reports of ‘marble-sized’ hailstones in the vicinity about the 
same time.

FC2005May30/III Between Newmarket and Ely, Cambridgeshire (c TL 66)
	 About half an hour before seeing the tornado in the previous entry, Mr Spencer 
was travelling along the Newmarket to Ely road on his way to Barway when he saw a 
funnel cloud at about 1030 (0930 GMT): “It was fairly well formed and about 2000 ft high, 
but it didn’t come to ground”. A report was also received directly from Mr Chris Pryor, who 
confirmed that there were three separate funnels in the Ely/Newmarket region, although his 
timings were somewhat later in the morning than those given above (he could not tell if they 
reached the ground).

FC2005May30/IV Lindsell area, Essex (c 51° 55’ N 0° 23’ E, TL 6427)
	 Nigel Bolton of TORRO reported that his parents saw a funnel cloud to the north 
from Great Dunmow, probably over Lindsell, at about 1130 (1030 GMT); it lasted about five 
minutes, during which time it descended as a spinning thin white tube, then contorted into 
an S-shape, then suddenly withdrew itself back into the clouds while becoming very wide 
and black. There was thunder in the area soon after.

FC/TN2005May30/V West Winch, Norfolk (52° 43’ N 0° 24’ E, TF 6216)
	 Lynn News (31st May) published a photograph of this funnel cloud taken by Mr 
Andy Howard at 1011 (0911 GMT); it shows a well-developed funnel reaching a good 
halfway to the ground (Mr Howard said that at times it appeared almost to make contact 
with the ground), and there is a hint of a second shorter funnel nearby. The report goes on 
to say that it was also seen by Mr Allan Fisher from Barroway Drove (a few miles further 
south) at 1100 (1000 GMT), although if this really was the same funnel, one of the times 
would appear to be in error.

FC2005May30/VI Haverhill, Suffolk (52° 05’ N 0° 25’ E, TL 6645)
	 Reported in the Weather Observers Network (p. 24), and said to have occurred at 
0930 (GMT?).

FC2005May30/VII Bury St Edmunds (c 8 km to SSW), Suffolk (c 52° 11’ N 0° 39’ E, TL 8158)
	 Mr Andy Scott witnessed a funnel cloud about five miles (8 km) southsouthwest of 
Bury St Edmunds from 1230-1234 (1130-1134 GMT). He estimated its length as 25% of the 
distance from cloudbase to ground.

tn2005May30/II Maldon, Essex (c 51° 44’ N 0° 40’ E, TL 8407)
	 Reports on the UKWeatherworld and The Weather Outlook forums, quoting a local 
radio news report, spoke of damage to a farm, but no other details have reached us.

tn2005May30/III Althorne, Essex (51° 39’ N 0° 46’ E, TQ 9198)
	 This entry was found in the ESWD (European Severe Weather Data) records, 
where the time was recorded as 1235 (1135 GMT), and its effects noted as fence panelling 
and garden furniture damaged, and a crop of oil seed rape partly uprooted. The reporter 
was Ms Catherine McLachlan.

FC2005May30? Little Oakley, Essex (51° 55’ N 1° 14’ E, TM 2229)
	 The Colchester Evening Gazette of the 1st June (sent by Marion Doran of TORRO) 
reported that Mr Gideon Chilton photographed a ‘mini-tornado’ at about 1215 (1115 GMT) 
‘yesterday’, which literally means the 31st May, but almost certainly is a mistake for the 30th. 
The picture shows a thin slanting funnel about a third of the way to the ground.

REFERENCE
HALL, S. (2005). A tornado site investigation at Hoghton, Lancashire, 2 May 2005, Int. J. Meteorology, 
UK 30, 338-344.

MONTHLY  COMPETITION

MARCH’S  QUESTION  OF  THE  MONTH

YOU  COULD  WIN...
An Xplorer2 (pictured) courtesy of www.skyline-technologies.
co.uk
One year’s free subscription to the IJMet
A copy of Roy Bedford’s book: ‘Yesterday’s Weather’

Just answer the following question correctly!*

The highest temperature (to date) ever recorded in China is 48 °C (118 °F) on 13 July 1975. 
Which province of China was this temperature recorded?

* When you have the correct answer, record it and wait until the final question in December’s 
issue of IJMet before sending in your entries. Any incomplete entries will not be valid. Winners will 
be announced in the January 2011 issue of the Journal after all entries which contain the correct 
answers will be placed in a box - an independent judge will pick out the winner’s name. For further 
information please visit our website www.ijmet.org or email us.  GOOD  LUCK!
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BOOK  REVIEWS 

By  PETER  ROGERS

WEATHER: A Collins Nature Guide, by Storm Dunlop (2009). ISBN 978 0 00 
784141 HarperCollins pb pp 256, £8.99.
	 This is a new edition of Storm Dunlop’s book originally published in 2004 as Collins 
Wild Guide Weather. After three short introductory chapters, the author describes Cloud 
Types, moving on to Unusual Phenomena, Optical Effects, Sky Colours, and ending with 
chapters on Weather Satellites and Forecasting. All the conventional clouds and optical 
effects are accorded one to three pages, which invariably include a small but very clear 
colour photograph, a description and an “ID File” making it easy to identify the cloud etc in 
question.
	 The book is very comprehensive, devoting three pages to Circumzenithal and 
Circumhorizontal arcs; a page to Parhelion, and another to Alpine Glow, and two each to 
Geostationary Images – Winter and Geostationary Images – Summer.
	 The author’s pedigree guarantees the accuracy of the information, and the book, 
which fits into most pockets, is printed on glossy paper which shows the photographs off to 
good effect. Even at its full price this book represents extremely good value, and is highly 
recommended.				  

Send your stunning photographs to our Photography Director, 
Howard Kirby howard@ijmet.org
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